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From the results of numerous investigators who used methylene blue 
in  the  study  of  the  nature  of  cell  combustions  we know  at  present 
that  this  dye  can  accomplish  or  increase  oxidations  in  various  bio- 
logical  systems. 
Thunberg  (1)  and Ahlgren  (2)  observed the reduction of methylene blue by 
washed muscle to which were added a  great variety of organic substances, and 
they explained this reduction by the discharge of "activated hydrogen" from the 
substrates.  Later on, von Szent-Gy6rgyi (3) andFleisch (4)independentlyshowed 
that the reduced dye can give up this hydrogen to molecular oxygen and thereby 
establish "the bridge between activated hydrogen and oxygen." 
The mechanism of biological oxidations with methylene blue has been explained 
quite differently by Warburg (5).  From the study of the oxygen consumption 
of red blood cells treated with methylene blue he concluded  that the dye probably 
acts by bringing the oxidizing agent proper, which is an iron compound, to a higher 
level of oxidation, in which state only, it can and does oxidize the substrate present. 
Methylene blue can be supposed to act, by whatever mechanism, by keeping 
one of the factors of normal cell oxidation in a higher state of activity.  The ques- 
tion then arises whether this factor can be induced to greater activity in a normal 
cell.  In other words, can methylene blue increase the oxygen consumption and 
metabolism of normal cells, tissues or organisms? 
W. Palladin and his coworkers (6) studying the effect of methylene blue on the 
respiratory exchange of plants, found that the CO9. production of etiolated stems 
of Vicia faba was increased up to 107 per cent when they had been colored by 
methylene blue.  The observed stimulation was less with stems of Pisum sativum 
and almost negligible  in the case of seeds. 
In 1921 C. Heymans and E. Maigre (7, 8) found that the injection of methyl- 
ene blue intravenously in dogs was followed by a marked rise in body temperature, 
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and the appearance of all signs of a typical hyperthermia.  Further experiments 
by C. Heymans and J. F. Heymans (9) showed that the hyperthermia was not due 
to a retention of heat but was accompanied by an increase in metabolism.  The 
CO~ and the calorie output were both raised to three or four times their normal 
value.  The dose used in most experiments was about 50 rag. per kilo of body 
weight and was usually divided over a  series of successive injections.  Neither 
convulsions nor any muscular phenomena were observed which could explain the 
rise in metabolism. 
The hyperthermizing action of methylene blue was further studied by J. Dad- 
lez and W. Koskowski (10) who state that they found, after injection of methylene 
blue in dogs, an increased glycogenolysis in the liver and glycogen deposition in 
the  muscles.  Their explanation of the  hyperthermia as a  consequence  of the 
increased sugar output from the liver is not supported by sufficient evidence. 
A. Mayer and G. Nichita (11)  confirmed C. and J. F. Heymans' results.  C. 
Heymans showed thionine and methylene azure to be also hyperthermizing with 
dogs. 
The hyperthermizing action of methylene blue is, however, not general.  While 
it occurs in dogs and monkeys (Macacus),  results on rabbits and guinea pigs have 
been negative (12).  Similarly, A. D. Stammers (13)  could not detect any varia- 
tion in the body temperature of rats injected with methylene blue.  He probably 
injected subcutaneously. 
The modifications in oxygen consumption of intact ceils and tissues under the 
influence of methylene blue were described by Barron and Harrop  (14,  15).  It 
was found that the addition of methylene blue increased the oxygen uptake of sea 
urchin  and  starfish  eggs  and  also  of  mammalian  non-nucleated  erythrocytes. 
The effect is less marked with leucocytes and with avian nucleated erythrocytes 
but with the latter the oxygen consumption still went up to two or three times its 
basal value.  Passing on to the study of normal tissues, Barron (16) showed that 
methylene blue did not increase their oxygen consumption but rather depressed 
it, the only exceptions being the spleen and the gray matter of the brain.  Methyl- 
ene blue increased the oxygen uptake of tumor tissue.  Summarizing these results, 
Barron could state the rule that only ceils or tissues which have an aerobic glyco- 
lysis can be induced to a higher rate of metabolism by means of methylene blue. 
How are the findings on entire animals and on tissues to be reconciled?  It 
might not be a mere coincidence that Barron used tissues taken from the rat and 
that the rodents, i.e., the rat and the rabbit, according to the authors quoted above 
do not show any methylene blue effect on body temperature.  C. and J. F. Hey- 
roans as well as A. Mayer and G. Nichita suggested the possibility that the dye 
might act in the dog as an  oxidation catalyst.  The  former authors,  however, 
rather believed in an action on the nervous system.  Methylene blue is an inhibi- 
tor of the parasympathetic system and, according to H. Meyer (17), such a phar- 
macological behavior goes along with the capacity to raise metabohsm. 
In the light of Barton's rule, it should be possible to bring some evidence in 
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rat by injecting  methylene blue  the logical conclusion would be that the hyper- 
thermia is not due to direct action on the cell.  If no rise in metabolism  can be 
produced in the rat, the rise occurring in the dog would take on a new significance, 
which would make desirable further study of isolated dog tissues. 
The experiments  here  reported  show that methylene blue injected 
intravenously in sufficient doses in the white rat may cause either  a 
rise or a  fall of body temperature, and may or may not bring about a 
transitory rise of total metabolism, depending chiefly on the external 
temperature.  By the  argument  above  stated,  it  may be  concluded 
that this effect of methylene blue is probably not the result of direct 
catalytic action of the dye upon cellular oxidation, but is due to in- 
direct  disturbance  of  thermoregulation,  and,  doubtless,  of  other 
functions of the organism. 
Description of the Experiments 
The white  rats used as experimental  animals were not under 150 gin. of body 
weight and fasted for 24 hours.  Three different doses of methylene blue were used, 
a single injection  being given each animal.  The controls  received  1 cc. per 100 
gin. of body weight  of 0.72 per cent NaC1 solution.  The experimental  animals 
received  the same relative  amount of NaCI solution  in which was dissolved 0.5, 
0.4 or 0.25 per cent of methylene blue.  These concentrations  corresponded to 50, 
40 and 25 rag. of dye per kilo of body weight.  The solution was made up a few 
minutes before  the injection  by dissolving the methylene blue  through a  small 
filter paper by pouring on warm NaC1 solution and making up to volume.  Before 
injection the temperature of solution was brought to 38°C.  The dye used was a 
sample, u.s.1,, medicinal,  from the National Aniline and Chemical  Co., and was 
recrystallized  once from water. 
Rectal  temperatures  were  taken  using  a  small  certified  rectal  thermometer, 
pushed in always to the same point and held in place for 3 minutes. 
In studying the influence of methylene  blue  on the respiratory exchange the 
general  procedure  was  as  follows.  The  animal  was  lightly anesthetized  with 
ether and the femoral vein exposed.  The incision was then dosed with wound 
clips.  At least  1 hour afterwards  the rat was subjected  to a measurement  of its 
respiratory exchange by the Haldane method (18) over a period of 2 hours.  This 
period  is  referred  to as  "Period I."  Next,  the animal  was  fastened  in  dorsal 
position to a board, the clips were removed and methylene blue was injected slowly 
through a  fine needle  into the  femoral  vein.  The incision having been  closed 
again,  the respiratory exchange was measured  over another 2 hour period, men- 
tioned in the tables  as "Period II."  Sometimes the metabolism  was determined 
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The respiratory chamber was a  1150 cc. bottle with a wide neck dosed tightly 
by a  rubber stopper carrying in- and outlet tubes and a  thermometer.  Both 
tubes were provided with stop-cocks of 4 mm. bore.  The bottle was lying on the 
side thus forming a chamber of long shape in which the animal rested on a wire 
screen. 
The chamber was aerated with laboratory air, through  suction by means of a 
vacuum pump.  An air flow  of about  150 1. per hour was drawn  through  the 
apparatus.  In the ingoing as well as in the  outgoing air, CO2 was absorbed over 
soda lime (Wilson) and water over pumice stone soaked in sulfuric acid according 
to Haldane (18).  The absorption bottles and the chamber containing the animal 
were carefully weighed to 1 cg. 
The chamber with the animal was weighed after a "preliminary ventilation" of 
10 minutes for the first period, i.e., the one preceding the injection of methylene 
blue.  The preliminary ventilation  was sometimes longer before the period follow- 
ing the injection as will be explained below. 
Measuring the respiratory exchange before the injection or after injection of 
0.72 per cent NaC1 solution offered  no difficulty.  The chamber was very easily 
kept at the desired temperature.  In experiments at 30°C. and above, and on cold 
days in experiments at 28  ° and 29.5°C., intermittent heating with an electric bulb 
covered with tin-foil had to be resorted to.  In the period preceding the injection, 
the temperature could be kept constant within less than 1  °. 
After the injection of methylene blue, however, several rather unusual difficul- 
ties arise, which we have thought necessary to describe in some detail. 
The injection of dye is followed by a state of marked weakness lasting 5 to 10 
minutes.  When the animal is already in the respiratory chamber under prelimi- 
nary aeration, a  period of restlessness sets in, of variable degree and duration. 
Sometimes there will be only a few rather violent efforts to get out of the chamber 
or the animal will change position frequently.  There are no convulsions  but only 
very brisk general movements.  The animal has a tendency to lie down with its 
face resting at the points where the air current is strongest, namely, at the ventila- 
tion inlet.  In fact much of its restlessness can be avoided by discarding all de- 
vices to shield it from the draft.  At the same time, but only with a high dose of 
dye, a  marked salivation sets in, respiration is accelerated and deep.  Later on 
respiration will still be rapid but more shallow.  The period of activity lasts for a 
variable length of time, from 10 minutes to ½  hour.  The animal then quiets down 
and remains so.  In many cases  delay is caused in the start of the metabolism 
period following the injection and one has to leave out a  certain period of  time 
during which the respiratory exchange would obviously be altered by the exagger- 
ated muscular activity. 
We usually weighed the animal chamber after 10 or  15 minutes of preliminary 
ventilation and assumed that the error introduced by a  few movements of the 
animal would be lost in the measurement of the metabolism over the next 2 hours. 
When this assumption was not permissible on account of continuous or prolonged P. }~.  G~oontz  831 
agitation,  the  chamber  was  dosed,  when  the  activity began  to  subside,  and 
weighed again.  A new absorption train was connected with it and the metabolism 
taken over 2 hours, counting from the new starting point.  In cases in which the 
amount of time lost is large, e.g.,  ½ hour, the values for the metabolism do not 
represent the immediate effect of the dye.  Low values are obtained since the 
action of the dye is transient.  Muscular activity  also may cause delay in weighing. 
The second difficulty is to maintain the constancy of temperature in the cham- 
ber.  This temperature has a  tendency to rise while the animal chamber is being 
weighed.  When the chamber was interposed in the ventilation circuit the aera- 
tion, together with a current of air directed upon it, quickly lowered the tempera- 
ture, which could then be considered constant, except for a few minutes following 
the weighing. 
In some cases, however, it was not possible to cool the chamber to the tempera- 
ture of the period before the injection.  The metabolism period was then con- 
tinued at this higher temperature which in some experiments differs from the pre- 
ceding one as shown in the tables.  Inspection of the variation in metabolism 
obtained in  the second period shows,  however,  that  this  difference cannot  be 
accounted for by the difference in environmental temperature alone.  The reader 
is referred to the studies on metabolism of the white rat by K.  Goto  (19), and 
lately by F. G. Benedict and G. McLeod (20).  For temperatures increasing above 
28°C.,  the former found an average increase in metabolism of 5.1  per cent per 
degree.  Benedict and McLeod found the metabolism above 28°C.  to be essen- 
tially constant.  Goto's measurements go up to 33°C.,  Benedict and McLeod's 
up to 31.7°C. 
No error resulted from a difference in temperature at the beginning and at the 
end of a metabolism period, except in cases in which the chamber, after the methyl- 
ene  blue injection, could not be cooled, as explained above.  With our chamber 
the error thus introduced is of the order of 0.5 rag. for a  difference of 1  °, below 
the accuracy attained in the weighings.  It has not been taken into account. 
The last point to be considered is the variation of the water vapor tension in the 
metabolism chamber.  After the animal has been injected with methylene blue, 
as a  feature of the hyperthermic reaction there occurs a  large increase in water 
output either through the lungs or from the vaporization of saliva.  At a certain 
moment the water vapor condenses on the walls of the chamber and in the outlet 
tube.  This condensation can hardly be prevented by increasing the rate of venti- 
lation unless beyond the rate at which absorption of CO2 and water is complete. 
This increased water tension causes an error in determining the loss of weight of 
the chamber which is very difficult to estimate for every single experiment.  It 
occurs only in experiments where 50 nag. of methylene blue per kilo are injected 
and in which the increase in metabolism is high.  An upper limit of the error can 
be obtained by calculating the volume of water vapor present in  the chamber, 
knowing its temperature and the tension of water vapor at this temperature.  The 
water drives out an equal volume of air and the weight of the latter is the error 832  METHYLENE  BLUE,  BODY  HEAT,  AND  METABOLISM 
introduced in the final weighing of the chamber.  To give an example, in Experi- 
ment IV, reported in Table I, the error would be maximal and the figure for oxy- 
gen consumption in Period II about 6 per cent too low. 
But the error is certainly less since the air after the preliminary ventilation is 
not quite dry and because it is doubtful whether it still becomes saturated at the 
end of the metabolism period when the animal's reaction has to a large extent sub- 
sided.  Finally, the correction would apply only to experiments where 50 rag. of 
methylene blue per kilo were injected and when the injection was followed by a 
high rise in metabolism. 
For these reasons we have not introduced any correction on account of water 
vapor.  In cases showing a high increase in metabolism, the oxygen consumption 
after injection of methylene blue is probably somewhat greater than indicated by 
the figures. 
The Haldane method was used as described above in the experiments conducted 
at 28°C. or above.  For the experiments performed at 23.50C. the technique was 
modified.  They were carried out in the early summer and it was necessary to 
immerse the chamber in ice water.  The chamber was larger and provided with 
an inner lining of cardboard to prevent direct contact of the animal with the cold 
wall.  The wire screen on which the animal rested was likewise replaced by card- 
board.  The absorption train was as usual but only CO2 output was determined, 
the correctness of the absorption being checked by weighing  the control bottles. 
Measurements were performed on two series of animals, one injected with methyl- 
ene blue, the other with NaC1 solution,  after they had been kept in  the chamber 
for 1 hour, in order to allow the metabolism to reach a stable level. 
The Action of Methylene Blue on the Body Temperature and the Respira- 
tory Exchange of the White Rat 
The effect of methylene blue on the respiratory exchange and body 
temperature is shown in the tables.  Figures for oxygen consumption 
and  CO2  production  represent  grams per  hour  and  per  kilo  of body 
weight. 
Table I  gives the results obtained with 50 mg. of dye per kilo, for 
temperatures  from 28  °  to  31.5°C.  It  can be  seen  that  the  increase 
in metabolism noted after the injection is very variable but that, the 
higher  the  temperature of  the  animal chamber,  the  more marked  is 
the  effect.  This is best  brought  out  by comparing the  experiments 
conducted  at  28°C.  with  those  at  31.50C.  The  average increase  in 
Ot consumption in Experiments V, VII and VIII  (at 28  °)  is  16.3  per 
cent,  whereas  the  same  average of  Experiments  IV,  X  and  XI  (at 
31.5 °)  is  54.5  per  cent.  The  individual  variations  are  very marked P.  E.  GREGOIRE  833 
and the per cent increase in metabolism does not seem to be closely 
related  either  to the initial level or to the temperature  to which the 
animal  is exposed. 
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Showing C02 output at various environmental  temperatures 
Table II shows some results obtained with doses of 40 and 25 rag. of 
dye per kilo.  The effect of the 40 rag. dose is likewise dependent on 
the environmental  temperature.  Injections of 25  mg.  per kilo have 
but little effect which does not increase with temperature. 834  METHYLENE  BLUF.~ BODY HEAT~ AND  M~TABOLISM 
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Table III gives the figures for the controls.  It can be seen that the 
injection of NaC1 solution has no significant effect. 
The significance of the results appears clearer  when only the abso- 
lute values for O~ uptake and COs production before and after the in- 
jection  are  considered.  In  Chart  1,  the  values  for  CO, output ob- 
tained in the experiments with 50 and 25 nag. of methylene blue per 
kilo have been plotted against the chamber temperature at which the 
measurement  was  made.  Only  figures  for  "second  periods"  have 
been plotted to picture the behavior of the controls. 
TABLE  IV 
Experiments at 23.5°C. 
Dose of Methylene Blue: 50 Mg. per Kilo 
Sex  Body weight  I Transition  period  C02 per kilo  ]  Rectal  temperature 
! 
and  per hr. 
Before  [  After 
A.  Controls 
nl. 
131. 
ill. 
gm. 
218 
244 
226 
170 
hr$, 
1 
1 
1 
1 
3.07 
2.87 
2.83 
3.41 
°C. 
36.9 
36.4 
36.7 
369 
°C. 
37.0 
36.6 
36.7 
37.8 
B.  Injected with methylene blue 
f.  170  1  3.23  36.9  34.0 
f.  212  1  2.62  36.3 
m.  186  1  2.79  36.7  35.0 
m.  234  1  2.31  37.1  32.8 
There is a definite relation between the temperature and the abso- 
lute  level  which  the  metabolism reaches after  the  injection.  The 
active dose of methylene blue is 50 mg. per kilo.  At 28°C. or above, 
it raises the average respiratory exchange, and the more so, the higher 
the temperature. 
The three experiments conducted above 32°C. with the high dose of 
methylene  blue gave results indicated on Chart 1 by crosses surrounded 
by circles.  The Hse in metabolism is quite high in these  cases.  It 
must be said,  however, that the measurements only extended over a 840  METHYLENE  BLUE,  BODY HEAT,  AND  METABOLISm 
period of about 30 minutes.  At these temperatures the  injection of 
the  dye is  rapidly fatal.  Since  we  cannot  strictly  compare  these 
results with the others they have not been included in Table I. 
The results obtained at 23.5°C. are given in Table IV and have also 
been represented on Chart 1.  At this temperature there is no hyper- 
metabolizing effect from the  dye injection.  Methylene blue  rather 
~j?J  x  x  x 
j.f 
T/M•" ~F'I'~'R /IYJECTIOP/  /,'7  I-tOUR,~ 
~A.RT  2 
seems to depress the metabolism of the experimental animals as com- 
pared with the controls. 
The tables also give the variations of the body temperature.  Typi- 
cal results are obtained with the higher dose of dye.  It can be seen 
that at higher temperature it is hyperthermizing but at 29.5°C. and 
below, it constantly causes a fall in body temperature.  To illustrate 
the hypothermizing action of methylene blue in high doses at  "room P.  E.  GREGOIRE  841 
temperature" a few temperature curves are given in Chart 2 referring 
to animals which were injected with 50 rag. of methylene blue per kilo 
and kept in the laboratory, the room temperature varying from 26  ° 
to 24°C. 
Experiments with Methylene Blue and Oxygen 
It is shown by the experiments of J. A. Campbell (21)  that, when 
breathing oxygen at a partial pressure higher than in air, the oxygen 
tension  in  the  tissues  is  increased.  Hence,  there  was  a  possibility 
that  the  hypermetabolizing action of methylene blue  could be  en- 
hanced by  oxygen  at  high  tension.  It  may be  recalled,  however, 
that high oxygen tensions have been shown not to modify the metab- 
olism  of  vertebrates.  This  is agreed upon by several investigators. 
(quoted in  (22).) 
In our experiments the metabolism was taken in the way described except that 
oxygen from a tank was made to pass through the apparatus at a pressure slightly 
above atmospheric, and at the usual rate.  The animal chamber was weighed 
after a preliminary ventilation of I0 minutes before, and again at the end of each 
period; i.e., it was always weighed filled with oxygen.  The absorption bottles 
were aerated for 15 minutes with CO~ and H20-free air before the final weighings. 
Hence, they were weighed  filled  with air.  Blank trials showed  that without animal 
the different parts of the apparatus did not vary in weight.  The animals were 
subjected to a first measurement in oxygen, then injected with the dye (or with 
NaCI solution, if they were controls) and again their metabolism was taken in 
oxygen. 
The results on injection of 50 mg. of dye per kilo were inconsistent. 
Those obtained with 25  rag.  per kilo show clearly that the level of 
metabolism induced by methylene blue is not raised by oxygen.  The 
values for CO2 output after administration of the 25 rag. dose have 
been indicated on Chart 1. 
The experiments led to a  curious observation.  It is long known 
that breathing pure oxygen is fatal to vertebrates, usually in several 
days, at least with larger animals.  The cause of death is pulmonary 
congestion and edema.  References to this point are found in Binger 
et al.  (22). 
When rats  were kept in  the  chamber with a  sufficient stream of 
oxygen going through, to which some moisture had been added, they 842  METHYLENE  BLUE,  BODY HEAT,  AND  METABOLISM 
were found to be still alive after 24 hours, while animals injected with 
methylene blue invariably died in  about  10  hours.  Lorrain Smith 
(23) states the time in which pure oxygen at 1.3 atmosphere pressure 
killed mice as varying around 60 hours. 
Postmortem  examination  showed  incompletely  collapsed  lungs 
which  seemed  edematous  and  showed  extensive  red  areas,  very 
different from the normal yellowish pink color.  Our thanks are due 
to Dr.  H.  A. McCordock, who examined the organs histologically. 
Two animals were injected with methylene blue and one of them 
was kept in oxygen.  This animal showed a  widespread pulmonary 
edema.  The  alveoli were filled  with  coagulated albuminous fluid. 
The capillaries of the alveolar walls were congested, and the lymphatic 
vessels  of  the  interstitial  tissue  dilated  and  filled  with  edematous 
material.  There were no changes in the other organs.  The control 
animal  showed  no  pulmonary  edema.  The  capillaries  were  con- 
gested.  The adventitia of many blood vessels  appeared swollen and 
edematous.  1 
Edema and consolidation of the lungs caused death in animals ex- 
posed to high oxygen tension in Lorrain Smith's experiments.  Appar- 
ently this process is speeded up considerably by methylene blue. 
DISCUSSION 
From the results obtained it may be concluded that, at least in the 
white rat, methylene blue is either hyperthermizing or hypothermiz- 
ing, all depending on the temperature of the environment. 
The dye is  not very hyperthermizing.  Only in  the  experiments 
conducted at 30.5°C. and higher did a rise in body temperature occur 
which, with the exception of one case (Experiment IX of Table I), 
did not exceed 0.6°C.  Practically, it may be said that 30.5  ° to 31.5°C. 
is the range of outside temperature at which methylene blue does not 
cause a significant change in body temperature.  In an environment 
above 32.5°C.,  the rise in body temperature is very rapid and high, 
and death of the animal occurs in about ~ hour.  As has been said 
before, these experiments have not been included in Table I.  It may 
be said here that at the moment they died the rats were found to have 
a rectal temperature of 41.1°C., and in one case 41.6°C. 
1 The terms of this description are taken from Dr. McCordock's report. P.  E.  GR~.GOnU~  843 
The hyperthermia caused by methylene blue is,  therefore, by no 
means as marked as  that which Heymans and Maigre observed in 
dogs.  On  the  contrary,  methylene blue  at  29.5°C.  and  below  is 
definitely hypothermizing. 
The control animals also  showed variations in body temperature 
which is  conceivable since the temperature regulation in  the white 
rat is by no means efficient.  The action of methylene blue on the body 
temperature of the white rat may, therefore, best be stated as follows: 
While a normal animal, after having stabilized its body temperature 
at  a  level depending on the  environmental temperature, is able  to 
maintain this level, an animal injected with an effective dose of methy- 
lene blue is unable to do so, outside of a very small interval situated 
around 31°C. 
The variation  in body  temperature  depends,  of  course,  on  the 
balance between heat production and heat loss, the latter being accom- 
plished in the rat through radiation and thermal polypnea.  Methy- 
lene blue, therefore, must act upon the mechanisms of heat loss re- 
gardless of the metabolism level.  At 28°C., respiration is accelerated 
and emission of water vapor is increased beyond the actual need.  At 
lower temperature (23.5°C.), methylene blue does not interfere much 
with the compensatory heat production.  Respiration is accelerated 
for a  short time.  Whether any increase in water output occurs, we 
have not been able to ascertain but it seems quite probable.  It must 
be said that at this temperature the action of the dye is much more 
transient, and this probably explains why, in these cases, the fall in 
body temperature is not as marked as might be expected from what is 
observed at  28°C. 
We have no evidence that the increase in metabolism caused by 
methylene  blue  is  due  to  increased  carbohydrate  oxidation.  No 
significant changes in the respiratory quotient occurred and in this 
respect our results differ from those obtained by Dadlez and Koskow- 
ski (24) who observed with dogs respiratory quotients close to unity 
after methylene blue injection. 
Whether methylene blue acts as an oxidation catalyst in the cells 
cannot be wholly excluded but the dependence of its action upon the 
environmental temperature is definitely against this view. 
The experiments at the higher temperatures show that in an injected 844  METHYLENE  BLUE, BODY HEAT, AND METABOLISM 
animal conditions are given which allow a higher metabolism and that 
no factors, as for instance limitation of oxygen supply, can come into 
play.  The  latter  point  is  strengthened  by the  negative  results  ob- 
tained when the animals were subjected to oxygen, at least with low 
doses of dye, in which pulmonary  complications proceed sufficiently 
slowly. 
SUMMARY 
1.  Methylene  blue injected  intravenously  in  white  rats  is  hyper- 
thermizing or hypothermizing according to the environmental temper- 
ature. 
2.  It  causes  an  increase  in  metabolism  at  28°C.  or  above.  At 
lower temperature it does not affect, or rather depresses, metabolism. 
3.  It does not seem likely  that its  hypermetabolic action is due to 
catalysis of cell oxidations. 
4.  In animals exposed to an atmosphere with a  high partial pressure 
of  oxygen,  methylene  blue  causes  pulmonary  edema,  much  more 
rapidly than  does oxygen alone. 
The writer wishes to express to Dr. P.  A. Shaffer his appreciation 
of the kind advice given him throughout this work. 
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